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LIST OF SYMBOLS*

a axial induction -(interference) factor -,
a' tangential induction {interference) factor -
A area m?
b span of wing (blade) m
B number of blades - -
c exponent (section 8.4} -
c chord of blade | m
c friction coefficient (section 5.5.4) -
c Weibull scale parameter n/s
C velocity in leak hole {section 6.4) n/s
Ca acceleration coefficient -
Cd sectional drag coefficient -
CD blade drag coefficient -
C1 sectional 1lift coefficilent -
CL blade lift coefficient -
CN normal force coefficient -
CP power coefficlent -
CQ torque coefficient -
CT thrust coefficient ‘ -
d distance m
d diamétre leak hole m
D diametre . o
D drag force N
e eccentricity rotor axis m
esystem reduced energy output of wind system -
E energy , ' J
£ friction factor _ -
£ eccentricity rotof plane with respect to m
vertical axis of rotor head
f probability density function s/m
f frequency | 1/s
F force N
F

Prandtl's tip loss factor {section 4.10) m

* Note: the symbols of chapter 12 are mentioned separately at
the beginning of the chapter.



O O 0w = -

I R R R L - - B A = = R OR L b - m

n o w
1]

11

cumulative distribution function
function (section 11.2) 4
acceleration of gravity (9.8 m/s?)
weight

approximation for gamma function
(section 3.4.2)

distance centre of rotation of aerodynamic
forces on main vane to vertical axis of
rotor head {section 11.2)

1ifting head

transmission ratio

distance (section 11.2}

mass moment of inertia

first moment of inertia

spring constant

Weibull shape factor

energy pattern factor

length

length

1ift force

ratio,hmaxlkd (section 9.2.3)

mass

-moment

revolutions per second

normal force

pressure

number of pairs of poles {(ch. 7)
power

flow

torque

local radius

radius

Reynolds number

standard deviation (discrete)

stroke

slip (section 7.2)
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velocity duration function

time

length of period

dimensionless time (sectiom 5.5.5)

thrust force

temperature

function (section 11.2)

component of wind velocity in x~direction
speed

component of wind velocity in y—direction
wind velocity

undisturbed wind velocity

average wind velocity

wind velocity far behind the rotor
component of wind velocity in z—direction
relative wind velocity

work

coordinate

relative radius (r/R)

reduced wind velocith (Vfﬁﬁ

coordinate

coordinate helght

roughness height

m/s
n/s
m/s
m/s
m/s
un/s
m/s
n/s
n/s
Nm
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angle of attack profile (or wvane)

blade setting angle

damping coefficient (section 5.5.4)

angle between actual position of main vain
and it rest position

exponent in gas law

circulation

gamma function

angle of yaw (rotor axis - wind direction)
angle between hinge axls and vertical axis
of rotor head (in plane of vertical axis
and rotor axis)

efficiency

blade position angle

volume -

tip speed ratio

local speed ratio
dynamic viscosity

constant (section 5.4)

kinematic viscosity

angle between auxiliary vane and rotor-plane

3.14159265359

density

standard deviation

tensile stress (ch. 10)

solidity ratio of a rotor

time constant

shearing stress (ch. 10)

tilting angle of rotor shaft
availability (sectiom 9.2.6)
dimensionless flow {sectiomn 5.5.5)

angle between relative wind>direction (W)
and rotor plane (¢ = a + 8)

phase angle (section 5.5.4) 7
induced tangential angular wind velocity

angular velocity of rotor

1l/s
1l/s
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INDICES

a acceleration P pump piston

a air; airchamber (5.5) P power

a axial (ch. 10) q torque

a auxiliary vane (11.2) Q torque

av above valve (5.4) r radius (local)
ax axial (ch. 4) T radial

b blade, bending T rated

bv below valve (5.4) T reference (2.2.1)
cl closed (5.4) T rotor

cyl cylinder s static

d design value s stroke

d delivery pipe (5.5) s sideways (11.2)
f friction 8 suction pipe (5.5)
£ side force (11.2) s spoke

o4 gap at starting

g waeight (gravity) st stationary

G generator . £ thrust '

G weighf . t tangential

i inertia t tensile

id ideal T thrust

in cut—-ia , tr transmiagion
inst instatiomary | i tot total

leak leakhole v valve

max maximum v vane

mech mechanical _ vol  volumetric

min minimum W water

N normal . w wind

out  cut-out y yaw

* The combined indices of chapter 10 are explained at the beginning
of chapter 10.
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1. INTRODUCTION

This publication is the written result of three courses given at
the Asian Institute of Technology im Bangkok, omne in 1980 and two
in 1981, funded by the Netherlands Minister of Development
Co-operation.

It is based upon the information and experience contained in SWD
publications, in the internal publications of the SWD participants
(see the Acknowledgement), and in the open literature. Some
subjects have never been published before, such as the behaviour of
the hinged vane safety system, the dynamic behaviour of valves in
piston pumps and the starting behaviour of windmills with piston
pumps .

The texts have been written when the author was a member of the
Wind Energy Group of the Eindhoven University of Technology,

the Netherlands.

The reader 1s assumed to have a knowledge of physics and
mathematics on an undergraduate level. The publication aims at
practical applications such as analyzing wind regimes, designiﬁg
wind rotors, calculating energy outputs etc., but also provides the
mathematics behind these. Construction details of windmills will
hardly bé touched upon, however, as they are the subject of special
SWD publications. Also a general introduction on the history of
windmills and their different types and applications is omitted,

because they can be found in many excellent books [1-4].

Nearly each chapter of this publication is divided into two parts,
an introductory part and an advanced part, as indicated in the
Contents.

The introduction parts together form a complete introductory
course, which could be given separately. These parts at the same
time prepare for the understanding of the advanced parts, presented

in eight of the twelve chapters.
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